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What Is Claimed Ts: 

A method for manufacturing a ferroelectric thin film 
devicA, comprising the steps of: 

forming a bottom electrode film containing at least 
iridium \on a surface preparation layer whose main component is 
zirconium oxide; 

lamii\ating an ultra-thin titanium layer over said bottom 
electrode; \and 

forming\a crystallized ferroelectric thin film by forming 
an amorphous layer containing elemental metal and elemental 
oxygen that constitute a ferroelectric over said titanium 
layer, and heat Y rea ting said amorphous layer, 

wherein the Orientation of said ferroelectric thin film 
is controller^ by adjusting the film thickness in the 
lamination otf^aid titanium layer* 



2. The method foV manufacturing a ferroelectric thin 
film device defined in CJ^aim 1, wherein the priority 
orientation of said f erroe\ectric thin film is set to (10 0) by 
keeping the film thickness t\ at least 2 nm and less than 
10 run in the lamination of saj&d titanium layer. 

3. The method for manufacturing a ferroelectric thin 
film device defined in Claim 1, wherein the priority 
orientation of said ferroelectric th\n film is set to (111) by 
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keeping the film thickness to at least 10 nm and less than 
2\) nm in the lamination of said titanium layer. 

Vl . The method for manufacturing a ferroelectric thin 
film dWice defined in any of Claims 1 to 3, wherein the step 
of formrng said ferroelectric thin film is a step of forming a 
film by soSL-gel method from a ferroelectric whose constituent 

5 . The mtethod for manufacturing a ferroelectric thin 
film device defined in Claim 4, wherein said ferroelectric is 
lead titanate zirccmate. 

6. The method iter manufacturing a ferroelectric thin 
film device defined in Vny of Claims 1 to 5, wherein the step 
of forming said ferroelectric thin film is a step of forming a 
single layer of an iridiuim film, or using platinum and iridium 
to form a laminate film comprising an (iridium layer)/ 
(platinum layer ) , a ( plat inumlayer )/( iridium layer), or an 
(iridium layer )/ (platinum layeV)/ (iridium layer), in that 
order starting at said surface preparation layer. 

7. The electromechanical transducer, obtained by the 
method according to Claim 2 or 3 . \ 

8. An ink jet recording head, comprising: 
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^he electromechanical transducer defined in Claim 7; 
^pressure chamber whose internal volume is varied by the 
mechanical displacement of said electromechanical transducer; 
and 

discharge outlets that communicate with said pressure 
chamber and \ from which ink droplets are discharged. 

9. The unk jet recording head according to Claim 8, 
wherein said discharge outlets are arranged in rows that are 
more or less parallel to the main scanning direction. 

10. An ink jet printer whose printing mechanism is 
equipped with the inY jet recording head according to Claim 8 
or 9. 



11. A method for manufacturing an ink jet recording head, 
comprising the steps of: 

forming a sWace preparation layer whose main component 
is zirconium oxider on a silicon substrate surface, either 
directly or via a diaphragm film; 

forming a bottom electrode containing at least iridium 
over said surface preparation layer; 

laminating a titanium layer whose film thickness is at 
least 10 nm and less than 20 nm ovet said bottom electrode; 

forming a ferroelectric thin fiiM having a priority 
orientation of (111) by forming an araorohous film containing 
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the elemental metal and elemental oxygen that constitute the 
fVrroelectric over said titanium layer and then heat treating 
sai^ amorphous film; 

manufacturing an electromechanical conversion device by 
forming \an top electrode over said ferroelectric thin film; 
and \ 

separating the electromechanical transducer so as to line 
up with the position where the mechanical displacement of the 
electromechanical transducer can be imparted to the pressure 
chamber. \ 

12. A method foV manufacturing an ink jet recording head, 
comprising the\steps of\: 

forming y^urface preparation layer whose main component 
is zirconium oxide over a Silicon substrate surface, either 
directly or via a diaphragm Vilm; 

forming a bottom electrode containing at least iridium 
over said surface preparation l\yer; 

laminating a titanium layer Vith a thickness of at least 
2 nm and less than 10 run over said\bottom electrode; 

forming a ferroelectric thin fi\m having a priority 
orientation of (100) by forming an amorphous layer containing 
elemental metal and elemental oxygen tha\ constitute a 
ferroelectric over said titanium layer, anoi heat treating said 
amorphous layer; * 
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manufacturing an electromechanical transducer by forming 
an tod electrode over said ferroelectric thin film; and 

separating the electromechanical transducer so as to line 
up with rtfie position where the mechanical displacement of the 
electromechanical transducer can be imparted to the pressure 
chamber. 
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13. The method for manufacturing an ink jet recording 
head according to Claim 11 or 12, wherein the step of forming 
said f erroelectrik: thin film is a step of forming a film by 
sol-gel method from a ferroelectric whose constituent 
components are at least titanium and lead. 

14. TheVih^thod fbr manufacturing a ferroelectric thin 
film device deferred in Claim 13 , wherein said ferroelectric is 
lead titanate zirconate. 



15. The method for manufacturing an ink jet recording 
head defined in any of Claims\ll to 14, wherein the step of 
forming said bottom electrode i\s a step of 'forming a single 
layer of an iridium film, or usi\g platinum and iridium to 
form a laminate film comprising an\( iridium layer)/ (platinum 
layer), a (platinum layer )/( iridium layer), or an (iridium 
layer )/ (platinum layer)/ (iridium layeV) , in that order 
starting at said surface preparation layfer. 
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16. A nonvolatile ferroelectric memory device in which a 
ferroelectric thin film manufactured by the method according 
to Claim 2 or 3 serves as a capacitor. 

17. V method for manufacturing a nonvolatile 
ferroelectric memory device, comprising the steps of: 

forming\ a bottom electrode containing at. least iridium 
over a surface preparation layer whose main component is 
zirconium oxide; 

laminating\a titanium layer whose film thickness is at 
least 2 nm and less than 10 nm over said bottom electrode; and 

forming a capacitor insulating film having a priority 
orientation of (10o\ by forming an amorphous film containing 
the elemental metal ajid elemental oxygen that constitute the 
f erroelectric\\oS&4r saic^ titanium layer and then heat treating 
said amorphous^film. 

18. The method for manufacturing a nonvolatile 
ferroelectric memory device according to Claim 17 , wherein the 
step of forming said capacitoA insulating film is a step of 
forming a film by sol-gel methocj from a ferroelectric whose 
constituent components are at leetet titanium and lead. 

19. The method for manufacturing a nonvolatile 
ferroelectric memory device defined iri Claim 18 , wherein said 
ferroelectric is lead titanate zirconate. 
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2D. The method for manufacturing a nonvolatile 
ferroelectric memory device defined in any of Claims 17 to 19 , 
wherein v^ie step of forming said bottom electrode is a step of 
forming a ^single layer of an iridium film, or using platinum 
and iridium to form a laminate film comprising an (iridium 
layer )/ (plat\num layer) , a (platinum layer )/( iridium layer) , 
or an ( iridium layer )/ (platinum layer)/ (iridium layer) , in 
that order starVing at said surface preparation layer. 

21. A method for manufacturing an electromechanical 
transducer, comprising the steps of: 

forming a bottom electrode containing at least iridium 
over a surface preparation layer whose main component is 
zirconium oxj^e; \ 

laminating a titaniim layer with a thickness of at least 
2 nm and less than 10 nm oVer said bottom electrode; and 

forming a f erroelectriA thin film having a priority 
orientation of (100) by forming an amorphous layer containing 
elemental metal and elemental oxygen that constitute a 
ferroelectric over said titanium layer, and heat treating said 
amorphous layer. \ 

22. The method for manufacturing an electromechanical 
transducer to Claim 21 , wherein the step^of forming said 
ferroelectric thin film is a step of formYng a film by sol-gel 
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jethod from a ferroelectric whose constituent components are 
least titanium and lead. 

!3. The method for manufacturing an electromechanical 
transducer defined in Claim 22, wherein said ferroelectric is 
lead tittanate zirconate. 
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24. Tft^e method for manufacturing an electromechanical 
transducer defined in any of Claims 21 to 23, wherein the step 
of forming said bottom electrode is a step of forming a single 
layer of an iridium film, or using platinum and iridium to 
form a laminate film comprising an (iridium layer )/ (platinum 
layer), a (platinum^ layer) /(iridium layer), or an (iridium 
layer )/ (platintyf lay^r) / (iridium layer), in that order 
starting at sa^kd >surf ate preparation layer. 



25. A method for manufacturing an electromechanical 
transducer, comprising the\steps of: 

forming a bottom electrode composed of iridium alone over 
a surface preparation layer wnpse main component is zirconium 
oxide; 

laminating a titanium layer fyhose film thickness is at 
least 15 nm and less than 30 nm oveV said bottom electrode; 
and 

forming a crystallized f erroelectVic thin film by forming 
an amorphous film containing the elemental metal and elemental 
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©xygen that constitute the ferroelectric over said titanium 
layer and then heat treating said amorphous film. 

\2 6. A method for manufacturing an electromechanical 
transducer, comprising the steps of: 

forming a bottom electrode composed of iridium alone over 
a surface preparation layer whose main component is zirconium 
oxide; \ 

lamina tying an ultra-thin titanium layer over said bottom 
electrode; and 

forming a crystallized ferroelectric thin film by forming 

an amorphous film containing the elemental metal and elemental 

oxygen that constitute the ferroelectric over said titanium 
> \ 

layer and tkeW heat\ treating said amorphous film, 



wherein ^he priority orientation of the ferroelectric 
thin film is controller to the (111) plane or the (110) plane 
by adjusting the thickness of said titanium layer to at least 
15 nm and less than 30 nim. 

27. The method for manufacturing an electromechanical 
transducer according to Claim y 5 or 26, wherein the step of 
forming said ferroelectric thin\film is a step of forming a 
film by sol-gel method or MOD me^iod. 
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28.1 An electromechanical transducer comprising a 
ferroelectric thin film sandwiched between an top electrode 
and a botuom electrode, 

said electromechanical transducer comprising an adhesive 
layer formed from an alloy containing an anti-diffusion metal 
and formed between said bottom electrode and the surface where 
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said transducer is installed; and 

an anti-ddf fusion layer formed from an alloy containing 
said anti-diffusion metal and formed between said bottom 



□ electrode and s^id ferroelectric thin film. 

33 

m 

Cfl 29. The electromechanical transducer according to Claim 

28 , wherein said anti-diffusion metal is selected from the 

ru > 

j»| group consisting of iridium, palladium, rhodium, ruthenium, 
and osmium. 



30. The electromechanical transducer according to Claim 
28, wherein said adhesive layer is an alloy of said anti- 
diffusion metal and the metai that constitutes said bottom 
electrode. 

31. \The electromechanical transducer according to Claim 
8, wherein said anti-diffusion layer is an alloy of said 

V) ■ . \ 

\ anti-diffusion metal and an adhesive metal that is either 
titanium or ^hronium. 
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32. The electromechanical transducer according to Claim 
28, wherein said bottom electrode consists of platinum. 



33. The electromechanical transducer according to Claim 
28 , wherein said ferroelectric thin film is formed in a 
thickness of at least 1 ^m. 

34. An ink jet recording head, wherein the 
electromechanical transducer according to any of Claims 2 8. to 
33 is installed on a diaphragm film formed on at least one 
side of a pressure chamber filled with ink. 

35. The ink jet recording head according to Claim 34, 
wherein said diaphragm film is constituted by the lamination 
of a silicon oxide film and a zirconium oxide film. 

V* 5s6. An ink jet printer, wherein the ink jet recording 
head according to either Claim 34 or 35 is provided as an ink 
discharge \jeans . 

A method for manufacturing an electromechanical 
trans ducei\compr is ing a ferroelectric thin film sandwiched 
between an tops^lectrode and a bottom electrode, comprising 
the steps of: 

formijig^fi adhesiv^smetal layer composed of an adhesive 
metal over the surface where^aid transducer is installed; 

84 



n 

□ 

-p 

m 

m 

ru 

Q 

Q 



forming a first anti-diffusion metal layer composed of an 
anti-dLLf fusion metal over said adhesive metal layer; 

foVming said bottom electrode over said anti-diffusion 
metal layer; 

forming a second anti-diffusion metal layer composed of 
said anti-diffusion metal over said bottom electrode; and 

baking teaid ferroelectric thin film while this 
f erroelectricx thin film is formed over said second anti- 
diffusion meta^J. layer, and thereby diffusing said adhesive 
metal all the vJ&y to said second anti-diffusion metal layer 
and producing anVan-ti-dif fusion layer at the location of said 
second anti-diffusion metal layer, promoting the alloying of 

said anti-dif f us ioA metal and said bottom electrode, and 

> \ 

producing an adhesive layer at the location of said adhesive 
metal layer anft\first\ anti-dif fusion metal layer. 



38, The method fok manufacturing a electromechanical 
transducer according to Claim 37, wherein a metal selected 
from the group consisting tof iridium, palladium, rhodium, 
ruthenium, and osmium is used as the anti-diffusion metal. 

39. The method for manufacturing a electromechanical 
transducer according to Claim 37\ wherein either titanium or 
chronium is used as said adhesiveAmetal . 
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40. An electromechanical transducer comprising a bottom 
electrode and a ferroelectric thin film, comprising: 

an interlayer formed from a compound selected from the 
group consisting of zirconium oxide, tantalum oxide, silicon 
nitride, and aluminum oxide and formed on the surface where 
said transducer is installed; and 

a bottom electrode formed over said interlayer, 
said bottom\ electrode comprising: 

a first layer composed of an alloy of iridium and a 
specific metal and provided over said interlayer; and 

a second layd^r cc^nt^aining iridium and provided over said 
first layer. 




41. An electr<pitf%chanical transducer comprising a bottom 
electrode and a f errbelectric thin film, comprising: 

an interlayer farmed from a compound selected from the 
group consisting of zJirconium oxide, tantalum oxide, silicon 
nitride, and aluminum loxide and formed on the surface where 
said transducer is installed; and 

a bottom electrode formed over said interlayer, 
said bottom electrode comprising: 

a first layer containing a specific metal and provided 
over said interlayer; and 

a second layer containing iridium and provided over said 
first layer. 
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42. The electromechanical transducer according to Claim 
41, wherein said second layer is constituted such that the 
iridium diffused from the lower layer side during baking is 
separated from Vthe iridium present since before baking. 



43. The electromechanical transducer according to either 
Claim 40 or 41 , wherein an adhesive layer comprising a metal 
that adheres to said i*itei:layer and said bottom electrode is 
further formed between! t^esi two layers . 



44. The electromechanical transducer according to Claim 
43, wherein the volumetric ratio in said bottom electrode 
accounted for by the a|loy containing iridium is at least 2/5 
and no more than 4/5. 



^ / An ink jet recording head, wherein the 

electrorftechanical transducer according to any of Claims 4 0 to 
44 is provided as, an actuator over the diaphragm film which is 
said surface\rtiere the transducer is installed. 



46. An ink je\ rfrifit^r, comprising the ink jet recording 
head according to Clalm^5 as a printing means. 

A method for manufacturing an electromechanical 
transducei\comprising a bottom electrode and a ferroelectric 
thin fr^mV cofc^prising the steps of: 
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using a compound selected from the group consisting of 
zirconium oxide, tantalum oxide, silicon nitride, and aluminum 
oxide ta form an interlayer on the surface where said 
transducer is installed; 

forming a bottom electrode over said interlayer; 

forming a ferroelectric' thin film precursor over said 
bottom electrode; and 

baking, \ 

said step\of forming the bottom electrode comprising the 
steps of: \ 

using iridium to form a first iridium layer; 

using a specific metal to form a metal layer over said 
first iridium layer X and 

using iridium toy form a second iridium layer over said 
metal layer, \ 

said baking step being a step of forming said 
ferroelectric thin film precursor and then baking it at a 
temperature of 750°C or lower, thereby diffusing the iridium 
of said first iridium layer Vnd converting said first iridium 
layer and said metal layer into an alloy layer in which 
iridium is alloyed with said metal. 

48. A method for manuf actura^ig an electromechanical 
transducer comprising a bottom elecVrode and a ferroelectric 
thin film, comprising the steps of : \ 
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using a compound selected from the group consisting of 
zirconuum oxide, tantalum oxide, silicon nitride, and aluminum 
oxide tto form an interlayer on the surface where said 
transducer is installed; 

forming a bottom electrode over said interlayer; 

forming a ferroelectric thin film precursor over said 
bottom electoode; and 

baking, \ 

said step\of forming the bottom electrode comprising the 
steps of: \ 

using iridium to form a first iridium layer; 

using a specific metal to form a metal layer over said 
first iridium layer\ 

using iridium td form a second iridium layer over said 
metal layer; and \ 

forming a. ferroelectric thin film over said second 
iridium layer \am^f \ 

said bakincftstep beiito a step of forming said 
ferroelectric thin film precursor and then baking it at a 
temperature higher than 750°c\ thereby diffusing the iridium 
of said first iridium layer ana moving the iridium of said 
first iridium layer to said second iridium layer. 

49. The method for manuf actuMng an electromechanical 
transducer according to Claim 47 or \jB, wherein the ratio of 
the thickness of said first iridium lewer prior to baking to 

89 



the thickness of said bottom electrode overall is set to be. 
bVtween 1/3 and 4/5. 

V>0. The method for manufacturing an electromechanical 
transducer according to any of Claims 47 to 49, further 
comprising the step of: 

using \ metal that will adhere to the layers above and 
below to formNan adhesive layer between said bottom electrode 
and said interlaVer. 

51. The methock for manufacturing an electromechanical 
transducer according Claim 50 , wherein said step of forming 
a bottom electrode is A step of forming a film such that the 
following relet^pfiship ia satisfied: 

dT =^\3.ff x d 0 + 14 xd x + 0.8 xd 2 + 2.3 xd 3 

when we let d 0 be the thickness of said adhesive layer 
prior to baking, d x be the thijckness of said first iridium 
layer, d 2 be the thickness of sata_d metal layer, d 3 be the 
thickness of said second iridium \ayer, and dT be the 
thickness of said bottom electrode Vyerall after baking. 
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